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Abstract
We study the radiative decay into γ and a baryon of the SU(3) decuplet of ten
resonances that are dynamically generated from the interaction of vector mesons with
baryons of the decuplet. We obtain quite different partial decay widths for the various
resonances, and for different charge states of the same resonance, suggesting that the
experimental investigation of these radiative decays should bring much information
on the nature of these resonances.
1 Introduction
In a recent paper [1], the ρ∆ interaction was studied within the local hidden gauge for-
malism for the interaction of vector mesons. The results of the interaction gave a natural
interpretation for the ∆(1930)(5/2−) as a ρ∆ bound state, which otherwise is extremely
problematic in quark models since it involves a 3hω excitation and appears with much
higher mass. At the same time two states with JP = 1/2−, 3/2− were obtained, degenerate
with the 5/2−, which could be accommodated with two more known ∆ states in that energy
range. Also, three degenerate N∗ states with 1/2−, 3/2−, 5/2− were obtained, which were
more difficult to identify with known resonances since that sector is not so well established.
The work of [1] was extended to the SU(3) sector in [2] to account for the interaction of
vectors of the octet with baryons of the decuplet. In this case ten resonances, all of them
also degenerate in the three spin states, were obtained, many of which could be identified
with existing resonances, while there were predictions for a few more. At the same time
in [2] the poles and residues at the poles of the resonances were evaluated, providing the
coupling of the resonances to the different vector-baryon of the decuplet components.
1
One of the straightforward tests of these theoretical predictions is the radiative decay of
these resonances into photon and the member of the baryon decuplet to which it couples.
Radiative decay of resonances into γN is one of the observables traditionally calculated
in hadronic models. Work in quark models on this issue is abundant [3, 4, 5, 6, 7, 8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18]. For resonances which appear as dynamically generated
in chiral unitary theories there is also much work done on the radiative decay into γN
[19, 20, 21, 22, 23]. Experimental work in this topic is also of current interest [25, 26, 27].
In the present work we address the novel aspect of radiative decay into a photon and a
baryon of the decuplet of the ∆, since the undelying dynamics of the resonances that we
study provides this as the dominant mode of radiative decay into photon baryon. This is so,
because the underlying theory of the studies of [1, 2] is the local hidden gauge formalism for
the interaction of vector mesons developed in [28, 29, 30], which has the peculiar feature,
inherent to vector meson dominance, that the photons couple to the hadrons through the
conversion into a vector meson. In this case a photon in the final state comes from either
a ρ0, ω, φ. Thus, the radiative decay of the resonances into γB is readily obtained from
the theory by taking the terms with ρ0B, ωB, φB in the final state and coupling the γ
to any of the final ρ0, ω, φ vector mesons. This procedure was used in [31] and provided
good results for the radiative decay into γγ of the f0(1370) and f2(1270) mesons which
were dynamically generated from the ρρ interaction within the same framework [32]. This
latter work was also extended to the interaction of vectors with themselves within SU(3),
where many other states are obtained which can be also associated with known resonances
[33]. Given the success of the theory in its predictions and the good results obtained for the
γγ decay of the f0(1370) and f2(1270) mesons, the theoretical framework stands on good
foot and the predictions made should be solid enough to constitute a test of the theory by
contrasting with experimental data.
The experimental situation in that region of energies is still poor. The PDG [34] quotes
many radiative decays of N∗ resonances, and of the A1/2, A3/2 helicity amplitudes for decay
of resonances into γN , with N either proton or neutron. However, there are no data to our
knowledge for radiative decay into γB, with B a baryon of the decuplet. The reason for it
might be the difficulty in the measurement, or the lack of motivation, since there are also
no theoretical works devoted to the subject. With the present work we hope to reverse the
situation offering a clear motivation for these experiments since they bear close connection
with the nature invoked for these resonances, very different to the ordinary three quark
structure of the baryons. In fact, the numbers obtained for the radiative widths are well
within measurable range, of the order of 1 MeV, and the predictions are interesting, with
striking differences of one order of magnitude between decay widths for different charges
of the same resonance.
The work will proceed as follows. In the next two Sections we present the framework for
the evaluation of amplitudes of radiative decay. In Section 4 we show the results obtained
for the different resonances and in Section 5 we finish with some conclusions.
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2 Framework
In Ref. [1, 2], the scattering amplitudes for vector-decuplet baryon V B → V ′B′ are given
by
tV B→V ′B′ = t ~ǫ · ~ǫ′ δms,m′s , (1)
where ~ǫ, ~ǫ′ refer to the initial and final vector polarization and the matrix is diagonal in
the third component of the baryons of the decuplet. The transition is diagonal in spin of
the baryon and spin of the vector, and as a consequence in the total spin. To make this
property more explicit, we write the states of total spin as
|S,M〉 = ∑
ms
C (3/2, 1, S;ms,M −ms,M) |3/2, ms〉|~ǫM−ms〉 (2)
and
〈S,M | = ∑
m′
s
C (3/2, 1, S;m′s,M −m′s,M) 〈3/2, m′s|〈~ǫ ∗M−m′
s
|, (3)
where C (3/2, 1, S;ms,M −ms,M) are the Clebsch-Gordan coefficients and ǫµ the polar-
ization vectors in spherical basis
~ǫ+ = − 1√
2
(~ǫ1 + i~ǫ2) , ~ǫ− =
1√
2
(~ǫ1 − i~ǫ2) , ~ǫ0 = ~ǫ3. (4)
We can write Eq. (1) in terms of the projectors |S,M〉〈S,M | as
tV B→V ′B′ = t 〈~ǫ′|〈3/2, m′s|
∑
S,M
|S,M〉〈S,M |3/2, ms〉|~ǫ 〉. (5)
Since the Clebsch-Gordan coefficients satisfy the normalization condition
∑
S
C (3/2, 1, S;ms,M −ms,M)C (3/2, 1, S;m′s,M ′ −m′s,M ′) = δmsm′sδMM ′, (6)
we have then
∑
S,M
|S,M〉〈S,M | = ∑
M
∑
ms
|3/2, ms〉〈3/2, ms| |~ǫM−ms 〉〈~ǫ∗M−ms | (7)
=
∑
M ′
∑
ms
|3/2, ms〉〈3/2, ms| |~ǫM ′ 〉〈~ǫ∗M ′ | ≡ 1.
We can depict the contribution of a specific resonant state of spin S to the amplitude
described by means of Fig. 1. Then the amplitude for the transition of the resonance
to a final vector-baryon state is depicted by means of Fig. 2. As shown is Ref. [1, 2],
the V B → V ′B′ scattering amplitudes develop poles corresponding to resonances and a
resonant amplitude is written as Eq. (1) with t given by
tij =
gigj√
s−M + iΓ/2 (8)
3
~ǫ ~ǫ ′
Figure 1: Diagram contributing to the vector-baryon interaction via the exchange of a
resonance.
~ǫ ′
S,MS ms
Figure 2: Diagram on the decay of the resonance in a decuplet baryon and a vector meson.
with gi and gj the couplings to the initial and final states. Accordingly, the amplitude for
the transition from the resonance to a final state of vector-baryon is given by
tSM→V ′B′ = gi〈~ǫ|〈3/2, ms|S,M〉
= giC(3/2, 1, S;ms,M −ms,M)〈~ǫ |~ǫM−ms〉. (9)
When calculating the decay width of the resonance into V B we will sum |t|2 over the vector
and baryon polarization, and average over the resonance polarization M . Thus, we have
1
2S + 1
∑
M,ms,~ǫ
|tSM→V ′B′ |2 (10)
= |gi|2 1
2S + 1
∑
M,ms,~ǫ
C(3/2, 1, S;ms,M −ms,M)2〈~ǫ∗M−ms|~ǫ〉〈~ǫ|~ǫM−ms〉
= |gi|2 1
2S + 1
∑
M ′
∑
ms
2S + 1
3
C(3/2, S, 1;ms, ms +M
′,−M ′)2〈~ǫ∗M ′ |~ǫM ′〉
= |gi|21
3
∑
M ′
δM ′M ′
= |gi|2,
where in the first step we have permuted the two last spins in the Clebsch-Gordan coeffi-
cients and in the second we applied their orthogonality condition.
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We observe that the normalization of the amplitudes is done in a way such that the
sum and average of |t|2 is simply the modulus squared of the coupling of the resonance to
the final state. The width of the resonance for decay into V B is given by
Γ =
MB
2πMR
q |gi|2, (11)
where q is the momentum of the vector in the resonance rest frame andMB,MR the masses
of the baryon and the resonance. We should note already that later on when the vector
polarizations are substituted by the photon polarizations in the sum overM ′ in Eq. (10) we
will get a factor two rather than three, because we only have two transverse polarizations,
and then Eq. (11) must be multiplied by the factor 2/3.
3 Radiative decay
Next we study the radiative decay into Bγ of the resonances dynamically generated in
Ref. [2] with B a baryon of the decuplet. Recalling the results of [2] we obtained there ten
resonances dynamically generated, each of them degenerated in three states of spin, 1/2−,
3/2−, 5/2−. As we have discussed in the former section, the radiative width will not depend
on the spin of the resonance, but only on the coupling which is the same for all three spin
states due to the degeneracy. This would be of course an interesting experimental test of
the nature of these resonances.
γ
ρ0 , ω, φ
R BD
Figure 3: Diagram on the radiative decay of the resonance in a decuplet baryon and a
photon.
In order to proceed further, we use the same formalism of the hidden gauge local
symmetry for the vector mesons of [28, 29, 30]. The peculiarity of this theory concerning
photons is that they couple to hadrons by converting first into a vector meson, ρ0, ω,
φ. Diagrammatically this is depicted in Fig. 3. This idea has already been applied with
success to obtain the radiative decay of the f0(1270) and f0(1370) resonances into γγ in
Ref. [31]. In that work the question of gauge invariance was addressed and it was shown
that the theory fulfills it. In Ref. [35], it is also proved in the case of radiative decay of
axial vector resonances.
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The amplitude of Fig. 3 requires the γV convertion Lagrangian, which comes from
Refs. [28, 29, 30] and is given by (see Ref. [35] for practical details)
LV γ = −M2V
e
g˜
Aµ〈V µQ〉 (12)
with Aµ the photon field, Vµ the SU(3) matrix of vector fields
Vµ ≡


1√
2
ρ0 + 1√
2
ω ρ+ K∗+
ρ− − 1√
2
ρ0 + 1√
2
ω K∗0
K∗− K¯∗0 φ


µ
, (13)
and Q the charge matrix
Q ≡


2/3 0 0
0 −1/3 0
0 0 −1/3

 . (14)
In Eq. (12), MV is the vector meson mass, for which we take an average value MV =
800MeV , e the electron charge, e2 = 4πα, and
g˜ =
MV
2f
; f = 93MeV.
The sum over polarizations in the intermediate vector meson, which converts the polariza-
tion vector of the vector meson of the R → BV amplitude into the photon polarization of
the R → Bγ amplitude, leads to the equation
− itγVDV = − iM2V
e
g˜
i
−M2V
Fj (15)
with
Fj = {
1√
2
for ρ0,
1
3
√
2
for ω,
−1
3
for φ.
(16)
Thus, finally our amplitude for the R → Bγ transition, omitting the spin matrix element
of Eq. (9), is given by
tγ = − e
g˜
∑
j=ρ0, ω, φ
gjFj . (17)
As discussed in the former section, the radiative decay width will then be given by
Γγ =
1
2π
2
3
MB
MR
q |tγ|2. (18)
The couplings gj for different resonance and V B with V = ρ
0, ω, φ and B different
baryon of the decuplet can be found in Ref. [2] and we use them here for the evaluation of
Γγ. The factor
2
3
in eq. (18) additional to eq. (11) appears because now we have only two
photon polarizations and the sum over M ′ in eq. (10) gives 2 instead of 3 for the case of
vector mesons.
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4 Results
The couplings of the resonances to the different V B channels are given in Ref. [2] in the
isospin basis. For the case of ωB and φB, there is no change to be done, but for the case
of ρB, one must project over the ρ0B component. Since this depends on the charge of the
resonance R, the radiative decays will depend on this charge, as we will see. We recall that
in our phase convention |ρ+ 〉 = − |1, 1〉 of isospin. The information on the resonances
and their couplings to different baryons of decuplet and vector mesons ρ,ω, φ for different
channels is listed in Table 1. We detail the results below.
S, I Channel
zR = 1850 + i5
0, 1/2 ∆ρ 4.9 + i0.1
zR = 1972 + i49
0, 3/2 ∆ρ 5.0 + i0.2
∆ω −0.1 + i0.2
∆φ 0.2− i0.4
zR = 2052 + i10
-1, 0 Σ∗ρ 4.2 + i0.1
zR = 1987 + i1 zR = 2145 + i58 zR = 2383 + i73
-1,1 Σ∗ρ 1.4 + i0.0 −4.3− i0.7 0.4 + i1.1
Σ∗ω 1.4 + i0.0 1.3− i0.4 −1.4− i0.4
Σ∗φ −2.1− i0.0 −1.9 + i0.6 2.1 + i0.6
zR = 2214 + i4 zR = 2305 + i66 zR = 2522 + i38
-2, 1/2 Ξ∗ρ 1.8− i0.1 −3.5− i1.7 0.2 + i1.0
Ξ∗ω 1.7 + i0.1 2.0− i0.7 −0.6− i0.3
Ξ∗φ −2.5− i0.1 −3.0 + i1.0 0.9 + i0.4
zR = 2449 + i7
-3, 0 Ωω 1.6− i0.2
Ωφ −2.4 + i0.3
Table 1: The coupling gi of the resonance obtained dynamically to the ρB, ωB and φB
channels.
4.1 S = 0, I = 1/2 channel
A resonance is obtained at zR = 1850+ i5MeV which couples to ∆ρ. We have in this case
|∆ρ, 1
2
,
1
2
〉 =
√
1
2
|∆++ρ−〉 −
√
1
3
|∆+ρ0〉 −
√
1
6
|∆0ρ+〉 (19)
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and
|∆ρ, 1
2
,−1
2
〉 =
√
1
6
|∆+ρ−〉 −
√
1
3
|∆0ρ0〉 −
√
1
2
|∆−ρ+〉, (20)
The coupling of the resonance to ρ0 is obtained multiplying the coupling of Table 1
by the corresponding Clebsch-Gordan coefficient for ∆ρ0 of Eqs. (19, 20). Then by means
of Eqs. (17, 18), one obtains the decay width. In this case since the ∆ρ0 component is
the same for I3 = 1/2 and I3 = −1/2, one obtains the same radiative width for the two
channels, which is Γ = 0.722MeV .
4.2 S = 0, I = 3/2 channel
One resonance is obtained at zR = 1972+ i49MeV which couples to ∆ρ, ∆ω and ∆φ. The
isospin states for ∆ρ can be written as
|∆ρ, 3
2
,
3
2
〉 =
√
3
5
|∆++ρ0〉 +
√
2
5
|∆+ρ+〉, (21)
|∆ρ, 3
2
,
1
2
〉 =
√
2
5
|∆++ρ−〉 +
√
1
15
|∆+ρ0〉 +
√
8
15
|∆0ρ+〉, (22)
|∆ρ, 3
2
,−1
2
〉 =
√
8
15
|∆+ρ−〉 −
√
1
15
|∆0ρ0〉 +
√
2
5
|∆−ρ+〉, (23)
|∆ρ, 3
2
,−3
2
〉 =
√
2
5
|∆0ρ−〉 −
√
3
5
|∆−ρ0〉. (24)
Since all the Clebsch-Gordan coefficients to ∆ρ0 are now different, we obtain different
radiative decay width for each charge of the state. The results are Γ = 1.402MeV for
I3 = 3/2, Γ = 0.143MeV for I3 = 1/2, Γ = 0.203MeV for I3 = −1/2 and Γ = 1.582MeV
for I3 = −3/2. It is quite interesting to see that there is an order of magnitude difference
between for I = 3/2 and I = 1/2, and it is a clear prediction that could be tested
experimentally.
4.3 S = −1, I = 0 channel
We get a resonance at zR = 2052 + i10MeV , which couples to Σ
∗ρ. In this case
|Σ∗ρ, 0, 0〉 =
√
1
3
|Σ∗+ρ−〉 −
√
1
3
|Σ∗0ρ0〉 −
√
1
3
|Σ∗−ρ+〉, (25)
and the radiative decay obtained is Γ = 0.583MeV .
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4.4 S = −1, I = 1 channel
Here we find three resonances at zR = 1987+ i1MeV , 2145+ i58MeV and 2383+ i73MeV ,
which couple to Σ∗ρ, Σ∗ω and Σ∗φ. The relevant isospin states are
|Σ∗ρ, 1, 1〉 =
√
1
2
|Σ∗+ρ0〉 +
√
1
2
|Σ∗0ρ+〉, (26)
|Σ∗ρ, 1, 0〉 =
√
1
2
|Σ∗+ρ−〉 +
√
1
2
|Σ∗−ρ+〉, (27)
and
|Σ∗ρ, 1,−1〉 =
√
1
2
|Σ∗0ρ−〉 −
√
1
2
|Σ∗−ρ0〉. (28)
The results obtained in this case are summarized in Table 2.
I3 (1987) (2145) (2383)
1 0.561 0.399 0.182
0 0.199 0.206 0.277
−1 0.020 2.029 0.537
Table 2: The radiative decay widths in units of MeV for the S = −1, I = 1 resonances
with different isospin projection I3.
4.5 S = −2, I = 1
2
channel
Here we also find three states at zR = 2214+ i4MeV , 2305+ i66MeV and 2522+ i38MeV ,
which couple to Ξ∗ρ, Ξ∗ω and Ξ∗φ. The isospin states for Ξ∗ρ are written as
|Ξ∗ρ, 1
2
,
1
2
〉 =
√
2
3
|Ξ∗−ρ+〉 +
√
1
3
|Ξ∗0ρ0〉, (29)
|Ξ∗ρ, 1
2
,−1
2
〉 = −
√
1
3
|Ξ∗−ρ0〉 +
√
2
3
|Ξ∗0ρ−〉, (30)
The radiative decay widths in this case are shown in Table 3.
4.6 S = −3, I = 0 channel
Here we have only one state at zR = 2449 + i7MeV , which couples to Ωω and Ωφ. The
radiative decay width obtained in this case is Γ = 0.330MeV .
As one can see, there is a large variation in the radiative width of the different states,
which should constitute a good test for the model when these widths are measured.
In Table 4 we summarize all the results obtained making an association of our states
to some resonances found in the PDG[34].
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I3 (2214) (2305) (2522)
1/2 0.815 0.320 0.044
−1/2 0.054 1.902 0.165
Table 3: The radiative decay widths in units of MeV for the S = −2, I = 1/2 resonances
with the different isospin projection I3.
S, I Theory PDG data Predicted width (KeV ) for I3
pole position name JP −3/2 −1 −1/2 0 1/2 1 3/2
(MeV )
0, 1/2 1850 + i5 N(2090) 1/2− 722 722
N(2080) 3/2−
0, 3/2 1972 + i49 ∆(1900) 1/2− 1582 203 143 1402
∆(1940) 3/2−
∆(1930) 5/2−
−1, 0 2052 + i10 Λ(2000) ?? 583
−1, 1 1987 + i1 Σ(1940) 3/2− 20 199 561
2145 + i58 Σ(2000) 1/2− 2029 206 399
2383 + i73 Σ(2250) ?? 537 277 182
Σ(2455) ??
−2, 1/2 2214 + i4 Ξ(2250) ?? 54 815
2305 + i66 Ξ(2370) ?? 1902 320
2522 + i38 Ξ(2500) ?? 165 44
−3, 1 2449 + i7 Ω(2470) ?? 330
Table 4: The predicted radiative decay widths of the 10 dynamically generated resonances
for different isospin projection I3. Their possible PDG counterparts are also listed. Note
that the Σ(2000) could be the spin parter of the Σ(1940), in which case the radiative decay
widths would be those of the Σ(1940).
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5 Conclusions
We have studied the radiative decay into γB, with B a baryon of the decuplet of SU(3), of
the dynamically generated resonances obtained within the framework of the local hidden
gauge mechanism for vector interactions. The framework is particularly rewarding for the
study of such observable, since the photon in the final state appears coupling directly to
the vector V = ρ0, ω, φ in the R → V amplitudes which are studied in previous works.
The rates obtained are large and the radiative widths are of the order of 1 MeV . On the
other hand, one of the appealing features of the results is the large difference, of about one
order of magnitude, that one finds between the widths for different charge states of the
same particle. These results are tied to details of the theory, concretely the coupling of
the resonance to V B, which sometimes produce large interferences between the different
contributions of the three vector mesons to which the photon couples. As a consequence
the radiative decay widths that we have evaluated bare much information on the nature
of those resonances, which should justify efforts for a systematic measurement of these
observables. We hope the present work stimulates work in this direction.
Acknowledgments
We would like to thank M. J. Vicente Vacas for a critical reading of the manuscript. This
work is partly supported by DGICYT contract number FIS2006-03438. This research is
part of the EU Integrated Infrastructure Initiative Hadron Physics Project under contract
number RII3-CT-2004-506078. B. X. Sun acknowledges support from the National Natural
Science Foundation of China under grant number 10775012.
References
[1] P. Gonzalez, E. Oset and J. Vijande, Phys. Rev. C 79, 025209 (2009) [arXiv:0812.3368
[hep-ph]].
[2] S. Sarkar, B. X. Sun, E. Oset and M. J. V. Vacas, arXiv:0902.3150 [hep-ph].
[3] J. W. Darewych, M. Horbatsch and R. Koniuk, Phys. Rev. D 28, 1125 (1983).
[4] M. Warns, W. Pfeil and H. Rollnik, Phys. Lett. B 258, 431 (1991).
[5] Y. Umino and F. Myhrer, Nucl. Phys. A 529 (1991) 713.
[6] Y. Umino and F. Myhrer, Nucl. Phys. A 554, 593 (1993) [arXiv:nucl-th/9210018].
[7] R. Bijker, F. Iachello and A. Leviatan, Annals Phys. 284, 89 (2000)
[arXiv:nucl-th/0004034].
[8] F. E. Close and Z. P. Li, Phys. Rev. D 42 (1990) 2194.
11
[9] W. Konen and H. J. Weber, Phys. Rev. D 41, 2201 (1990).
[10] M. Warns, H. Schroder, W. Pfeil and H. Rollnik, Z. Phys. C 45, 627 (1990).
[11] S. Capstick and B. D. Keister, Phys. Rev. D 51 (1995) 3598
[12] B.D. Keister, S. Capstick, N* Physics, edited by T.-S. H. Lee, W. Roberts (World
Scientific, Singapore, 1997) p. 58.
[13] M. Aiello, M. M. Giannini and E. Santopinto, J. Phys. G 24, 753 (1998)
[14] E. Pace, G. Salme and S. Simula, Few Body Syst. Suppl. 10, 407 (1999)
[15] D. Merten, U. Loring, K. Kretzschmar, B. Metsch and H. R. Petry, Eur. Phys. J. A
14 (2002) 477
[16] M. M. Giannini, E. Santopinto and A. Vassallo, Prog. Part. Nucl. Phys. 50 (2003)
263 Annals Phys. 284, 89 (2000) [arXiv:nucl-th/0004034].
[17] T. Van Cauteren, D. Merten, T. Corthals, S. Janssen, B. Metsch, H. R. Petry and
J. Ryckebusch, Eur. Phys. J. A 20, 283 (2004) [arXiv:nucl-th/0310058].
[18] T. Van Cauteren, J. Ryckebusch, B. Metsch and H. R. Petry, Eur. Phys. J. A 26, 339
(2005) [arXiv:nucl-th/0509047].
[19] N. Kaiser, T. Waas and W. Weise, Nucl. Phys. A 612, 297 (1997).
[20] B. Borasoy, E. Marco and S. Wetzel, Phys. Rev. C 66, 055208 (2002)
[21] M. Do¨ring, E. Oset and S. Sarkar, Phys. Rev. C 74 (2006) 065204
[22] M. Do¨ring, Nucl. Phys. A 786, 164 (2007)
[23] L. S. Geng, E. Oset and M. Do¨ring, Eur. Phys. J. A 32, 201 (2007)
[24] D. Jido, M. Doering and E. Oset, Phys. Rev. C 77, 065207 (2008) [arXiv:0712.0038
[nucl-th]].
[25] R. Thompson et al. [CLAS Collaboration], Phys. Rev. Lett. 86, 1702 (2001)
[26] V. D. Burkert and T. S. H. Lee, Int. J. Mod. Phys. E 13 (2004) 1035
[27] I. G. Aznauryan, V. D. Burkert, H. Egiyan, K. Joo, R. Minehart and L. C. Smith,
Phys. Rev. C 71, 015201 (2005)
[28] M. Bando, T. Kugo, S. Uehara, K. Yamawaki and T. Yanagida, Phys. Rev. Lett. 54,
1215 (1985).
[29] M. Bando, T. Kugo and K. Yamawaki, Phys. Rept. 164, 217 (1988).
12
[30] M. Harada and K. Yamawaki, Phys. Rept. 381, 1 (2003) [arXiv:hep-ph/0302103].
[31] H. Nagahiro, J. Yamagata-Sekihara, E. Oset and S. Hirenzaki, arXiv:0809.3717 [hep-
ph].
[32] R. Molina, D. Nicmorus and E. Oset, Phys. Rev. D 78, 114018 (2008) [arXiv:0809.2233
[hep-ph]].
[33] L. S. Geng and E. Oset, Phys. Rev. D in print, arXiv:0812.1199 [hep-ph].
[34] C. Amsler et al. [Particle Data Group], Phys. Lett. B 667, 1 (2008).
[35] H. Nagahiro, L. Roca, A. Hosaka and E. Oset, Phys. Rev. D 79, 014015 (2009)
[arXiv:0809.0943 [hep-ph]].
13
